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Cn ' We summarize the results on the high energy behavior of quark-antiquark exchange 

^D , in 7* 7* elastic scattering. The ladder diagrams, summed in the double logarithmic 

^_^ ■ approximation, provide a pcrturbativc QCD model for secondary reggeon exchange. 
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M-i, 1. Introduction 

JJT^' 7* 7* collisions at high energies provide a unique laboratory for testing asymptotic 

(~| , properties of perturbative QCD. The virtuality of the photons justifies the use of 

perturbative QCD, and modern electron positron colliders (LEPII, a future linear 
collider NLC) allow to measure the total cross section of 7* 7* scattering at energies 
where asymptotic predictions of perturbative QCD can be expected to set in. The 
j^ ' dominant contribution to the process is given by the BFKL PomeronL!J which gives 

rise to a cross section strongly rising with energy cr^^^^i ~ s"^^°^. Here ap(0) is 
the Pomeron intercept which, in leading order and for realistic values of the photon 
virtualities, lies in the region ap{0) ~ 0.3 — 0.5. 

There is little doubt that the pomeron will dominate at very high energies, and 
it is expected to be a main contribution at any future linear collider. At present, 
how ever, the only source for experimental data on photon photon collisions is LEP 
l^l"! These data are at energies which cannot be considered as asymptotically large, 
and it has become clear that at LEP energies, the cross section is not yet dominated 
by the pomeron ^ "^ " (^ o J ^ ^pj^g ^^Q^g^ rather indicate the necessity to include, in 
the theoretical description, several corrections. Perturbative corrections are due to 
the quark box (the first as correction was computed in Ref. '^^ . Nonperturbative 
contributions include, in particular, the soft Pomeron exchange. 

Another class of corrections are due to t he exc hange of secondary reggeons: /o 
(flavor singlet) or Aq, A2 (flavor nonsinglet) l^ l ' l ^ l In hadron scattering, secondary 
reggeons denote the exchange of mesons and are of nonperturbative nature. In 
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virtual 7*7* scattering, however, we raay expect that such secondary exchange 
may become accessible to a perturbative analysis: similar to BFKL exchange. The 
hard scale at both ends of the exchanged reggeon provides a justification for using 
pQCD, provided the photon virtualities are sufficiently large. If so, meson exchange 
will be modeled by the exchange of qq ladders'^, and the prediction for the energy 
dependence may be tested in the corrections to BFKL exchange in 7*7* scattering. 

Technically speaking, there is a striking difference between gluon exchange in 
the BFKL calcul ations and quark-antiquark exchange: the appearance of double 
logarithms I ' "^l As result of this, the intercept of the gg-system is of the order 
Wq* = \J const OLs (as opposed to lo^^^^ = const as in the single logarithmic high 
energy behavior of the BFKL Pomeron) , and its numerical value can be expected 
to be large. In fact, for qq scattering it is known *^ that the cross section goes 
as ^ s'^° ~ ^ with Wo = \J^oi.s Cf/tt ~ 0.5. It is remarkable that this intercept 
obtained in pQCD is very close to the nonperturbative one known from Regge 
phenomenology. This observation justifies the hope that a perturbative calculation 
of qq exchange in 7*7* scattering, in fact, might be a reasonable model for the 
exchange of secondary reggeons. In this model, pQCD then allows to make an 
absolute prediction of the magnitude of these corrections. 

Connected with the appearance of double logarithms in qq exchange is the role 
of the infrared region. The ladder graphs that have to be summed are infrared fi- 
nite. However, the comparison with the BFKL approximation leads us to expect 
that there are contribution from small momenta which, although not giving rise to 
infrared divergencies, are not believable. In BFKL, this infrared region is reached 
by diffusion in Infc^, i.e. even at large photon virtualities Q^ where pQCD is well- 
justified, the BFKL prediction becomes unreliable when Ins/Q^ becomes of the 
order In^ Q^/Mq (where \x^ denotes the infrared momentum scale where pQCD be- 
comes unreliable). The double logs in qq exchange do not allow for diffusion; the 
region of validity of the pQCD analysis, therefore, is different and needs to be in- 
vestigated. Existing studies of fermion-antifermion exchange have never touched 
this question. 7*7* scattering appears to be a natural candidate for addressing this 
question. 

In Ref. l^ we have performed a detailed study of the high energy behavior of 
quark-antiquark exchange in 7*7* scattering in the double logarithmic approxima- 
tion. Three different approaches were exploited in Ref. . Below we will outline 
only one of them based on a Bethe-Salpeter equation for a sum of Feynman dia- 
grams. The other two methods are based on a Mellin space representation of the 
scattering amplitude. The first one uses the infrared evolution equation (IREE) for 
a partial wavel^. A third way of handling the quark-antiquark exchange ut ilizes a 
notion of the reggeon Green's function, which has been described in Refs. 1 ^ 1 '^ 1 
In Ref. l^ all three methods were shown to agree with each other. 

In this letter we present a brief summary of our results. We skip most of the 
technical details of our calculations, and we will only outline the way the results are 
obtained. Our main emphasis will be on the physical results. 
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2. Integral Equation 



We start from the lowest order diagrams for the scattering amplitude T'' '' of the 
elastic 7*7* scattering process. We consider forward direction t — Q only, and for 
simplicity we first take the virtualities of all external photons to be equal. The exact 
computation of the quark box can be found in RefM"^ we restrict ourselves to the 
high energy behavior. The lowest order consists of the three fermion-loop diagrams 
(Fig.n a - c); however, at high energies the diagram (c) does not contribute to the 
leading double-logarithmic behavior. 
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Fig. 1. The Born level diagrams. 



The calculations below are done using the Fey nm an g auge . Our method of ex- 
tracting the double-logs is close to the original paper LL^. With the notation (Fig. 

ID 



pi = - Q' ; v\ = -Q' 



(pa + PbY = s; 2; = Q^/s. 



(1) 



and the Sudakov decomposition k ^ f3q — ap + k± (with fc^ = — fc^) the light cone 
vectors p, q are defined through 



PA = P - xq; 



PB 



xp ; 



0: 



2(P<Z) 



(2) 



The scattering of the longitudinally polarized photons has additional energy sup- 
pression, and we will consider transverse polarizations only. Transverse polarization 
vectors are defined by e^ = 4= (0, l,±i,0). 

In order to find a double-logarithmic contribution of the quark loop we need to 
find, in the trace expression in the numerator, terms proportional the leading power 
of s and to k'j^. For the numerator of the planar box diagram we obtain: 



trace fa 2 s k^ ttt \ 
where 



F„ 



TTT - 4 iV, aL F,,s €{A) ■ e(A') e(S) • e(B'), (3) 

- E 4-i^(E <f (4) 



quarks 



quarks 
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denotes the projection on the flavor nonsinglet t-channel (for the flavor group 
SU{Nf)), and Cq stands for the electric charge of the quark, measured in units 
of e. Diagram Fig. ^p will be obtained by simply substituting, at the end of our 
calculation, s — > u. 

The analysis of the double logarithmic part of the integration region can be 
summarized as follows. The energies of the s-channel quark lines have to be positive; 
equivalently, the momentum fractions of the large incoming momenta range between 
X and 1. This leads to the limits: 

a; = — < a,l3 < 1 . (5) 

The momenta of the t-channel quark lines have to be space-like, i.e. 

sa(3 < P. (6) 

Combining these two conditions we are lead to 

^ <k\ (7) 

s 

Furthermore, in order to justify the use of perturbation theory the virtualities of 
the t-channel quark lines have to be larger than the infrared cutoff which we denote 
by Mo: 

Mo < fc' • (8) 

Now two possibilities arise. For sufhciently large photon virtualities, Q^, we have 
Mg < — , i.e. in the entire double logarithmic region the momentum scale of the 
exchanged quark lines is above the infrared cutoff. If, on the other hand, the energy 
s grows and the lower cutoff, ^^, enters the infrared region ^^ < ^q, we have to 
impose a further restriction on the transverse momentum integration: — < fiQ < k^. 
We therefore define, for the external kinematic variables s and Q^, two different 
regions which we denote by '-I-' and '— ': 

/+: M^<— ; /-: - <f^l (9) 

s s 

The '-I-' region defines the hard domain where the result is infrared insensitive. 
Below we will find that, in this region, the amplitude in fact has no dependence on 
/iQ at all. 

The integrals are performed in the following way. The a-integral is done by 
putting one of the s-channel quark lines, say the lowest one, on the mass shell. This 
integration sets a = x. With the condition that 

P < s/3, (10) 

the other s-channel quark propagator provides the factor 1//3, needed to make the 
/3-integral logarithmic. The remaining integrals are: 

'Up f^' dP 



R I i.2' (") 
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The first energy log then comes from the P integration; its limits follow from jSJl- 
As to the remaining integral over the transverse momentum, it is the fermionic 
nature of the exchanged particles which provides, in the trace in the numerator, 
the additional fc^ factor and thus renders the momentum integral logarithmic. The 
upper limit of integration results from (|10|l , whereas the lower one combines the two 
possibilities lO and ^. If we are in the '+' region, we always have ^q < (3Q^, and 
there is no ^o-dependence. On the other hand, in the '-' region, we have to split the 
(3 region into two pieces and to perform, for each piece, the k integral separately. 
The result for the planar box diagram in the two regions has the form 

In the second case, /~, we see that we are cutting a piece of the phase space, i.e the 
result for I^ is smaller than for I"*". The nonplanar box in Fig. ^ is obtained by 
substituting s —^ u, and in the sum of the two diagrams the obtained results stand 
for the even signature A2 exchange. The total cross section for 7* 7* (averaged over 
the incoming transverse helicities) follows from 

a-*--=i/mT^i5^ (13) 

s s o In s 

(with the last approximate equality being valid in the high energy approximation 

only) and has the form 

It is not difficult to generalize this analysis to the case of unequal photon masses, 
Qi and Qj- I^ this case the boundary of the hard domain will be determined from 
the equation QIQ2 — fJ-^s. 

We now turn to higher order corrections to the quark loop diagram. For the case 
of quark-quark scattering it has been shown 1^ that the even signature amplitude 
is described by the QCD ladder diagrams. For our analysis we make use of the 
discussion given in | 12 | 13 | 15 | 16 ini. 

From the trace expression in the numerator we obtain, for each i-th rung, a 
factor kf A (with A = "^^^ ). Thus each rung in the ladder brings in 

Vf /f ^ 

Generalizing the above discussion of the double logarithmic phase space, one finds 
the following ordering conditions: 



X < I3i < 132 < ... < P„- 


-1 < Pn 


Pn Pn-1 


kl 
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In addition we require for each rung to satisfy k^ > /ig. 

Fig. 121 illustrates the Bethe-Salpeter type equation we are deriving for the sum 
of ladder diagrams. We simply remove the lower s-channel quark line coupling; in 
this way we obtain (up to an overall factor) the elastic amplitude A for the photon- 
quark scattering. A(/3, k'^) — ^„ An where An denotes a contribution of n-rung 
diagram [Aq — 1). The amplitudes An satisfies the following recurrence relation 



AniP, k") = A 



dp' 



p's 



dk 



'2 



' ;'2^ 



— An-liP',k') 



The limits of integration follow from the above kinematic ordering. 



(16) 












A(k;p') 











Fig. 2. The Bothe - Salpeter equation. 



I^ and /^ defined as 



2 1,2 



I1-- 






As in the case of the box diagram we have to distinguish between two regions 

For the amplitudes An , the kinematics of the lower quark lines plays the same role 
as, in the case of the simple quark box, the lower external photon lines. The dis- 
tinction between the two different regions makes it necessary to define two separate 
amplitudes, yl+ and A^ . The recurrence relation 116() expresses A^ in terms of 
A^_^ and A~_^, whereas A^ only needs A'^_-^ on the rhs. Taking the sum over n, 
we obtain the integral equations 



A+ip, e) = i + x f ^ 



Q^/s 



(3' 



P' s 



dk 



'2 



f3' k^/(3 



7F^+(/3', fc') 



(18) 



and 



A-{f3, k-) = 1 + X [' ^ 



P>^l/k' ap' rP' t^l^/Q' dk'^ 



I3's 



/3'Mg/Q2 



dk 



'2 



+ A ^ 



V^ 



/?' 



n 



/c'2 



A-(/3', fc^) 



fc^^+(/3',fc'') 



'2\ 



(19) 
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Finally, the amplitudes T for the photon-photon scattering is obtained from A 
by subtracting the terms Aq ~ I, putting k^ = Q^ and P — I and restoring the 
overall normalization factor. Note that in this limit the regions Ij^, I^ coincide with 
/"'" and /~ in 0. The full scattering amplitude is obtained by adding the twisted 
(with respect to s <-^ u crossing) ferm ion loop. It is straightforward to generalize 
to the case of unequal photon masses l^. We only quote the final result for the 
scattering amplitude: 

T^iQlQls) = [A±(1,Q2)_i] II^, (20) 

For the remainder of this letter, we shall discuss the general case of unequal photon 
masses. 



3. Solution of the linear equations 

The structure of the two equations, H18|l and 119|l defines our strategy: we first solve 
the equation for A'^ , Eq. (|18() . and we then use the solution as an inhomogencous 
term in the equation for A~ , Eq. (|19|l . The main step is a choice of suitable variables. 
In the infrared insensitive region Ij^ where Eq. (|18|l holds we define the new 
variables: 

^ = ln(/3s/fc2). ^^In{f3s/Ql). 

In these new variables the equation H18|l can be rewritten 



Jo Jo 



(21) 



When differentiated twice Eq. H21|l reduces to 



This is a wave equation in the light cone coordinates. Its solution is given by 

^+(e, ^) =/o(v/4Ae^) . (23) 

In the infrared sensitive region /^ we have the integral equation Ijiyf) which 
couples the functions A+ and A^ . Let us define a new variable: 

e = ^ - Lo; Lo = HQl/^ll) . 

In the variables {£,' , rf) the solution of the equation H19|l is following 

A-{£.\ v) = lo (v/4A(e + Lo)v) + -^^ h (v/4Ae(7] + io)) • (24) 
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T+ 
and 



Define 

The amplitude for 7* 7* scattering is obtained using Eq. (|20|l 
4 tt't 



T(Qt, Q2, s) 



T- = r(Q?, Q2^ s) 



4 ttt 



^ ^0 



'^Qf^^g 



1 



*/ Mo < — (25) 



-fo ^0 



t/l V2 



- 1- 



1^ 

In^ 

Mo 



LJQ ^ 



/lnfi^ln4 



i/ Mo > QVs ■ (26) 

It is important to note that the final result for the amplitude is fully symmetric 
with respect to the photon virtualities. The amplitude T^ reduces to T"*" when 
Q^ /s — fig, i.e. when the dynamical infrared cutoff of the perturbative calculation 
reaches jIq, the limit of the nonperturbative infrared region. 

Let us consider, in some more detail, the s — *■ cxd asymptotics for the case 
Ql ~ Q2 ^ Mo- We take s to be much larger than the Q^, but still within the 
region /+ ^■. 

1 < s/Q2 < g^Mo- (27) 

In this region the asymptotics is obtained from the asymptotic behavior of the 
Bessel function Iq 

4 Ttt 



T+{s ^ 00) = 



ujI \ 2t:ujo ln(s/Q2) 



(28) 



and the result is entirely perturbative. When s increases and eventually reaches the 
boarder line between /+ and /~: s/Q"^ = Q^//io we have to switch to T~ . With 
a further increase of s, initially, the second term in H26|) is not large and we can 
use the expansion of the Bessel function I2 for small arguments. In the asymptotic 
region 



qVmo « s/Q' 



(29) 



the arguments of both Bessel functions are large. The leading asymptotics cancel 
and we have to take into account first corrections. We obtain: 

1 (s ^- 00) = — : — ^ — — — I -r^ I X 



c.2V27(c,oln(,s/g2))3/2 



ujQ m -^ -\ in -^ 

Mo 4 /i^ 



(30) 



In^S! 



O 



A'o 



1-^ 
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It is interesting to compare H28|l and H3l)|l : the power behavior in s is the same 
in both regions. The difference Hes in the preexponential factors: in the second re- 
gion, we have a shghtly stronger logarithmic suppression, and there is a logarithmic 
dependence upon the infrared scale /ip. 

Another case of interest is deep inelastic scattering on an almost real photon at 
very small x. This corresponds to the limit /i§ w Q| <C Qi <C s, and only the 
region /~ applies {Q = Qi) with TjjisiQ^, ^) given by Eq. if^ . The Bjorken x 
is defined in a standard way: x = Q"^ /s. The flavor nonsinglet photon structure 
function is related to Tjyjs via 



r.^ f ^2n _ Q 7*7 a; dTpisjQ^, s) 



We can consider two different asymptotic limits. The first one is In 1/x 3> 
In Q^/ Hq ^ 1. In this limit the structure function becomes: 



)2\ <^o/2 



.7 .. ^2^ ^ , IV 2rTT(l+c.oln(QVM^)/4)^ 



F-,(x, Q^)^[-\ -\',,:_7, -^^^^-^ [^\ . (32) 



Eq. (|32|l gives the Regge limit of the flavor nonsinglet structure function. Up to the 
preexponential factor this result ag rees w ith the behavior of the flavor nonsinglet 
proton structure function found in l^v | 21 | 

Another asymptotic limit to be considered is 1 <C In {1/x) <C In (Q'^/iiq) lead- 
ing to 



F^six, Q2) ,, ^ ^^^ e-° VmTT^TMQV^ (33) 

aemTTwg ^2 ln(l/a;) ln(Q2/^2-) 

Eq. I|33|) comes from the asymptotic expansion of the first term in (|26|l . The second 
term is subleading in this limit. Eq. H33|l corresponds to the double logarithmic limit 
of the DGLAP equation. 



4. The phase space of the double logs 

It is instructive to compare our results for the high energy behavior of quark- 
antiquark exchange in 7* 7* scattering with those for gluon exchange, i.e. the LO 
BFKL Pomeron. For the latter it is well-known that, for sufficiently large photon 
virtualities and not too high energies, the internal transverse momenta are of the 
order of the photon virtualities and hence justify the use of perturbation theory (Fig. 
ISJi). When energy grows, diffusion in Infc^ (neglecting the running of a^) broadens 
the relevant region of internal transverse momenta, which has the shape of a "cigar" . 
Its mean size is of the order Vms and eventually reaches the infrared cutoff /Iq. If 
energies increases further, the BFKL amplitude - although infrared finite - becomes 
sensitive to infrared physics, and some modification has to be included in order take 
care of nonperturbative physics. 



10 J. Bartels and M. Lublinsky 
lns/Q2 



In 



^0 



BFKL 



In s /o 2 



In 



k2 



(a) 



/q^ 



In 



^0 



(b) 



qq-DL 




Fig. 3. Energy dependence of the region of integration in a) BFKL and b) quark ladder. 

With the results of our analysis we now can make an analogous statement 
about quark-antiquark exchange. Since internal transverse momenta range between 
max{Q'^ /s, /Xq) < k'^ < s or, equivalently 



max{-l^ls/Q^,ln^ll/Q^) < Ink^/Q^ < In s/Q^ 



(34) 



there is, for not too large energies, again, a limited region where transverse momenta 
stay above the infrared scale, and the use of perturbative QCD is justified. With 
increasing energy, the fc^-region expands and eventually hits the infrared cutoff /Iq. 
From now on the high energy behavior starts to depend upon infrared physics and 
requires suitable modifications. 

In order to understand, in the fermion case, the region of internal integration 
in more detail, let us first return to our amplitude, A+ (illustrated in Fig|21). It 
satisfies the two dimensional wave equation (|22|l . It is instructive to introduce the 
new variables 



* = n ^ + ^) = In / 

2 Vfc2g2 



1 1 fc^ 

2 = o ('^ ~ ^) = o ln-2. 



which leads to the two-dimensional Klein-Gordon equation: 



dt"^ dz^ 



AX] A" 







(35) 



(36) 



(here Jv4A plays the role of the mass). 

Let us confront this with the BFKL Pomeron: in Fig|3t> we have drawn the 
square which illustrates the internal region of integration. Apart from the difference 
in shape ("diamond" versus "cigar"), the most notable difference is the width in 
Infc^. In the fermion case it grows proportional to In s/Q^, i.e stronger than in the 
BFKL case where In fc^ grows as -^/In sjQ"^: the BFKL diffusion is replaced by a 
linear growth in the z-direction. Also the definition of 'internal rapidity' is different: 
in the BFKL case the vertical axis can be labeled simply by In 1//3, whereas in the 
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fermion case our variable is t — In {/S s / ^/WQ^) (in both cases, the total length 
grows proportional to In s) . 

5. Numerical estimates 

The final goal of this project should be a confrontation of the obtained results 
with the LEP data. We are not ready yet to produce such a comparison since we 
still miss a significant theoretical contribution arising from the flavor nonsinglet 
exchange. In this section we will present some first numerical estimates related to 
the resummation of the quark ladder. 

Using Eq. I|13|l the flavor nonsinglet contribution to u/ot^ '^^^'^ be computed 
from the elastic amplitude H25|) and H26|) . In our numerical estimates we will drop 
the flavor factor Fns- the missing flavor singlet piece will be estimated to have the 
same functional form as the nonsinglet piece, and (|13(l - with the factor Fns being 
replaced by ^ e^ - is assumed to represent the sum of flavor singlet plus flavor 
nonsinglet. 

First let us demonstrate numerically the effect of the two kincmatical regions 
appearing in (|25(l and H26(l . Fig. 01 shows the 7*7* cross section as a function of 
rapidity Y = In s/Q^ for equal masses Ql — Q2 ~ Q^ = IGGeV^. Up to 
y ~ 6 this corresponds to the LEP data region. For the fixed value of as we use 
as{Q^) — 0.24. The three curves show the dependence of the cross section on the 
nonperturbative scale /iQ. The solid line shows the (unphysical) case /ig = (the 
region /+), the dotted line is /^o = 0.5 GeF^, and the dashed line is /Xq = 1.2GeV^. 
The points where the different curves come together correspond to sfi^/Q'^ = 1. 
To the left of these points we have the hard domain where the perturbative QCD 
calculation is fully reliable and does not depend upon the infrared scale ^^. Note 
that for fiQ — 0.5 GeV^, almost all LEP data are within the hard domain. In this 
region we should expect that the secondary reggeon contribution is described by 
pQCD, and one should not add a further nonperturbative reggeon. 

Fig- El compares the ladder resummation with the box diagram contribution**. A 
significant enhancement is observed. The enhancement grows at higher energies and 
reaches a factor often at 1" ~ 10. For comparison we also show the nonperturbative 
reggeon (dashed line) ~ s~°''^. In Ref. ' this contribution was added to the box 
diagram in order to fit the data. We believe that within the hard domain our 
resummed ladder should replace the contribution of the phenomenological reggeon. 
This can be qualitatively seen from the Fig. 

6. Conclusions 

In this letter we have considered quark-antiquark exchange in 7* 7* scattering. 
A closed expression for the cross section a'^ '^ in the flavor nonsinglet channel is 

^Only the leading logarithmic contribution is taken for the box diagram. The results thus obtained 
are somewhat larger compared to the ones based on the exact expression for the box. 
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- 16 GeV2 

IJ.I = 0.0 GeV2 
/ig = 0.5 GeV^ 
/ig - 1.2 GcV^ 




3 4 5 6 

Y= In (s / Q2) 



Fig. 4. gq contribution to al^^ for various values of /1q. 



given. The result is valid within the double logarithmic accuracy of pQCD. The cross 
section depends on the four scales relevant for the problem s S> Qi > Q| > /Uq- 

The resummed quark ladder serves as a model for a 'perturbative secondary 
reggeon'. It is remarkable that the resulting intercept ujq ^ 0.5 is very close to the 
one known from the high energy phenomenology. The large intercept is due to the 
fact that the leading contribution is double logarithmic and wq ~ \fo's- 

One of the main observations is the role of the infrared cutoff /ip introduced into 
the analysis as the momentum scale below which perturbative physics is not reliable. 
For a given energy and for large photon virtualities Q\, Q\, we found that all the 
internal transverse momenta lie in the hard region. For this kinematics the result 
does not depend upon the infrared cutoff and the perturbative analysis is reliable. 
When energy increases beyond the value s = Q\ Q\l \i^-, the region of integration 
penetrates into the infrared domain and the results starts to depend upon ^§. We 
show, however, that this dependence is logarithmically weak. Another interesting 
observation is the role played by /Xq in setting the asymptotic high energy behavior 
of the amplitude. Quite in analogy with the non-forwardness t of the BFKL physics, 
the appearance of /Iq modifies the pre-exponential behavior of the asymptotics. 

The study of the quark ladder has an obvious phenomenological motivation. The 
LEP data on 7* 7* are at energies at which the quark box still gives a dominant 
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Q2 = 16 GeV^ 
/j,l = 1,0 GeV2 



quark ladder 



5 - 




Fig. 5. Various contributions to cr^^^ 



contribution to the cross section. We have shown that the gluon radiation leads to a 
significant enhancement of the quark box and hence needs to be accounted for. The 
quark box contribution dies fast with energy and is correctly expected to be of no 
importance for 7* 7* scattering at a NLC. In contrast, the pQCD reggeon receives 
an enhancement of about a factor of ten compared to the quark box, and potentially 
can still give a noticeable correction to the dominant pomeron contribution. 

We have derived the low- 2: asymptotics of the DIS flavor nonsinglet photon 
structure function. The p ower d ependence on x is shown to be the same as for the 
proton structure function ^ ' ■ *! I 

In the double logarithmic approximation, the intercept of the qq system comes 
out large. Hence it will be important to investigate corrections to this leading order 
result. First corrections will come from the single logarithmic contributions of the 
ladder graphs. While the intercept does not acquire a single logarithmic correction 
•^ there is a hope that residue corrections could be computed from the reggeon 
Green's function approach!^. The influence of the running strong coupling constant 
is another important aspect expected to come in at the level of NLO corrections. 
Qualitatively, the running coupling enhances the importance of the low momentum 
region. 

From the phenomenological point of view our analysis is incomplete. We have 
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not yet calculated the flavor singlet quark-antiquark exchange which involves an 
admixture of f-channel gluons. 
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